Pulmonary arterial hypertension (PAH) is a frequent complication of connective tissue diseases, such as systemic sclerosis, systemic lupus erythematosus and rheumatoid arthritis. However, the occurrence of PAH in a patient with ankylosing spondylitis (AS) has not been previously reported with a detailed clinical description in the English literature. We herein report the first case of AS associated PAH in a 27-year-old Taiwanese man with a chief complaint of intermittent palpitations lasting for two years. To the best of our knowledge, this is the first reported case of AS associated with PAH with a detailed clinical description and findings of right heart catheterization published in the English literature.
Introduction
According to the most updated definition and classification issued by the World Health Organization (WHO), the diagnosis of pulmonary hypertension (PH) requires right heart catheterization. PH is confirmed when the mean pulmonary artery pressure is ! 25 mmHg at rest. The WHO has classified PH into five groups based on the underlying mechanism (1, 2) . Pulmonary arterial hypertension (PAH) includes a group of diseases that affect the small pulmonary arteries and is diagnosed based on a pulmonary capillary wedge pressure (PCWP) or left atrial pressure of <15 mm Hg in the presence of PH. Of all etiologies, connective tissue disease (CTD) is the most common condition associated with PAH. The onset of PAH in patients with CTD is common, with an incidence ranging from 0.5 to 15% according to the findings of right heart catheterization (3, 4) . In cohort studies conducted in the USA and Europe, the majority of patients with PAH associated with CTD (CTD-PAH) have been found to have systemic sclerosis (5-7), whereas systemic lupus erythematosus (SLE) and mixed connectivetissue disease (MCTD) are more common in Japanese patients with PAH (8) .
Ankylosing spondylitis (AS) is a chronic, progressive, connective tissue disorder characterized by inflammation of the joints of the spine and sacroiliac region.
However, the concurrence of PAH in a patient with AS has rarely been described in the English literature (9, 10) . According to a website search conducted on March 9, 2014 (11), 18,738 individuals with ankylosing spondylitis have been studied. Among them, 11 (0.06%) were found to have pulmonary hypertension. However, none of the patients received right heart catheterization, and PH is not equal to PAH. We herein report a case of early-stage PAH detected via right heart catheterization following the exclusion of other known causes in a 27-year-old Taiwanese man with a 12-year history of AS.
Case Report
A 27-year-old man who had experienced intermittent palpitations for a decade was admitted to our hospital in August 2012. He complained of sporadic palpitations and had visited several hospitals within the past two years, being diagnosed with paroxysmal supraventricular tachycardia (PSVT) attacks two to three times a year. According to his history, he began to visit our outpatient department at 15 years of age due to low back pain with limited motion of the lumbar spine and severe tenderness in the right buttock. He reported that the pain improved with exercise, with no improvements at rest. His family history revealed that his father had had AS for many years. The patient subsequently underwent a series of examinations, which showed a normal serum immunoglobulin level, negative antinuclear antibody (ANA) and rheumatoid factor (RF) titers and positive human leukocyte antigen (HLA)-B27 antigens. On a radiographic examination of the pelvis (Fig. 1) , grade 2 bilateral sacroiliitis was diagnosed according to the modified New York classification (12) . However, typical cervical and lumbar spine syndesmophytes were not identified. His visual acuity was normal, and no inflammation was noted in the anterior chamber of the eye fundus. He therefore received sulfasalazine and nonsteroidal anti-inflammatory drugs (NSAIDs), with a fair response.
The patient denied any history of exposure to toxic chemicals or appetite suppressants during the course of therapy. There was no angina or exertional dyspnea. However, intermittent palpitations had occurred since 18 years of age when he drank coffee or experienced stress. The patient had been told that he had episodes of PSVT at several other hospitals. However, he visited our cardiovascular center in October 2011 and was followed up regularly. Since that time, he had experienced no more PSVT attacks. Nevertheless, he reported occasional lower back pain, although the episodes gradually decreased following analgesic treatment (sulfasalazine and meloxicam). Serial follow-up of inflammatory markers revealed a normal erythrocyte sedimentation rate (ESR) (11, 13 and 7 mm/hr) (normal range for men: 1-13 mm/hr) and C-reactive protein (CRP) level (0.44, 0.74 and 0.78 mg/dL) (normal range: <1.0 mg/dL). Therefore, there was no evidence of high disease activity. On-site 12-lead electrocardiography ( Fig. 2) showed right axis deviation, R/s >1 at V1 and inverted T waves over V1 to V4, which suggested right ventricular hypertrophy and strain. A chest film demonstrated no abnormal findings; however, transthoracic echocardiography ( Fig. 3 ) revealed mild right ventricle (RV) hypertrophy, a dilated right atrium (RA), RV systolic dysfunction and dilated main pulmonary arteries. Furthermore, Doppler echocardiography disclosed mild pulmonary and tricuspid regurgitation, with an ejection fraction in the left ventricle of 64% and an estimated systolic pulmonary artery pressure (PAP) of approximately 43 mmHg (determined via tricuspid regurgitation jet measurements). Admission for a further evaluation was suggested; however, the patient refused due to a planned trip to a foreign country. Therefore, oral propranolol was prescribed prn for palpitations and . Chest computed tomography demonstrated no evidence of remarkable filling defects in major pulmonary arteries; however, the main pulmonary arteries were enlarged (4.9 cm) beyond the ascending aorta (3.0 cm). "a" and "b" indicate the diameter of the ascending aorta and main pulmonary artery, respectively.
tachycardia.
The patient returned to our department in June 2012 following several episodes of respiratory tract infection with prolonged coughing within the past six months. Pulmonary function tests showed a normal ventilatory function and negative response to methacholine. The oxygen saturation was 96% on room air according to pulse oximetry. An eosinophilic cationic protein (ECP) test showed a value of 5.81 ug/L (reference range: 2.3-15.9). Immunological analyses revealed high levels of Ig E in the blood (total Ig E: 150 IU/mL (reference range: adult <87) with normal Ig G, Ig A and Ig M values. A plasma D-Dimer assay showed a level of 383 ng/mL (reference range: <500), while the ESR was 21 mm/h (reference range: M: 2-6, F: 2-12) and the highsensitivity CRP level was 0.782 mg/dL (reference range: < 0.8).
In August 2012, the patient was admitted for a further assessment. His body height and weight were 169 cm and 98 kg, respectively The findings of physical examinations were unremarkable, except for a split second pulmonary heart sound. Routine biochemical parameters were within the normal limits, and there was no evidence of hepatic dysfunction or HIV infection. The plasma D-Dimer level was 631 ng/ mL, and the B-type natriuretic peptide (BNP) level was 32 pg/mL (reference range: <100). Chest computed tomography (Fig. 4) and lung perfusion scintigraphy showed no signs of pulmonary embolism or obstructive or restrictive pulmonary disease, and polysomnography showed no evidence of sleep apnea. Transesophageal echocardiography (TEE) revealed an intact interatrial septum without shunting in addition to a mildly dilated main pulmonary artery with mild RV hypertrophy, global RV hypokinesia and systolic dysfunction. Based on the above findings, a diagnosis of pulmonary arterial hypertension was suspected. A right cardiac catheterization study demonstrated the following findings: pulmonary capillary wedge pressure = 12 mm Hg, main pulmonary artery pressure = 78/44 mmHg (mean: 55 mmHg), RV pressure = 70/10 mmHg, mean right atrial pressure = 13 mmHg, cardiac output = 7.14 L/min, cardiac index = 3.43 L/min and main pulmonary artery oxygen saturation = 75%. A consultation with a rheumatologist and serial tests showed negative findings for thyroid disorders and connective tissue diseases [ANA, ENA screening, anti-double-stranded DNA, anti-ribonucleoprotein (RNP) antibody Sm, SS-A/Ro, SS-B/ La, centromere, Scl-70, Venereal Disease Research Laboratory (VDRL) and rheumatoid factor were all negative]. Furthermore, abdominal sonography was negative, with no evidence of portal hypertension. The patient was therefore diagnosed with pulmonary arterial hypertension associated with AS. Exercise testing with the six-minute walk test (6MWT) was performed to evaluate his baseline functional status. Consequently, the initial 6MWT was completed within 385 meters, with a Borg dyspnea scale of 1 and WHO functional class of II. The maximum aerobic ability was approximately 43.74% of the predicted exercise limitation. The sulfasalazine treatment was continued and diltiazem therapy was initiated, and the patient was discharged with symptomatic improvement. In addition to diltiazem (30 mg tid), we requested coverage for bosentan from the National Health Insurance Bureau (NHIB), as a diagnosis of PAH was confirmed. Thereafter, treatment with bosentan at a dose of 62.5 mg bid was initiated following approval from the NHIB, then subsequently titrated to 125 mg bid. The patient has remained stable for eight months of follow-up, with a normal hemoglobin level and liver function parameters.
Discussion
Aortitis and periaortitis are important cardiovascular manifestations of AS. Inflammatory lesions progressing to fibrosis are primarily localized in the aortic root, which may cause aortic regurgitation in patients with AS (12) . Doppler/ echocardiography can be used to easily detect the presence and severity of aortic insufficiency. The echocardiography findings (both transthoracic and transesophageal echocardiography) in the present case revealed an intact aortic valve without aortic insufficiency, and the patient presented with PSVT as the first symptom. Although he received a diagnosis of PSVT at other hospitals based on previous events, no such diagnosis was made at our hospital. Therefore, we considered the PSVT to be an independent condition unrelated to AS or PAH.
The occurrence of PAH is associated with rheumatoid arthritis, systemic lupus erythematosus, mixed connective tissue disease and even Sjögren's syndrome (13) ; however, the nature of the association between AS and PAH is currently unknown. Although two reports have noted a high incidence of PH in patients with AS (9, 10), these two studies used only echocardiography as diagnostic tools and all study participants were Russian. The diagnostic weakness of these reports may be related to the lack of validation using right heart catheterization and serial follow-up. The present patient was proven to have both AS and PAH, and the diagnosis of PAH was confirmed on both echocardiography and right heart catheterization.
In conclusion, the present patient was confirmed to have both AS and PAH. Although he initially reported lower back pain, the symptoms remained under control following analgesic treatment (sulfasalazine and meloxicam). Therefore, a diagnosis of drug-associated PAH is unlikely in this case. Due to the vague nature of the symptoms on presentation, it is necessary to have a high index of suspicion in order to make an early diagnosis of PAH. Doppler echocardiography is a good screening method, the results of which should be confirmed via right heart catheterization. However, further large-scale epidemiologic studies regarding the incidence of PAH among patients with AS are needed to elucidate the actual relationship between these two conditions.
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